memory, which are components of cognition that are probably important for self-management tasks routinely performed by patients with HF outside of the hospital. The Mini-Cog has not been previously studied in patients hospitalized for HF. The primary purpose of this study was to evaluate whether CI as assessed by the Mini-Cog is associated with worse outcomes after hospitalization for HF.
Methods
We performed a prospective observational cohort study of consecutive older patients, aged ≥65 years, who were hospitalized for HF at Cleveland Clinic Main Campus, Cleveland, OH, between July 2012 and July 2013. Diagnosis of HF was coded by admitting staff physician. We only included the first unique admission for each patient during this time period. Patients hospitalized for HF were seen by a care coordination nurse (licensed practical nurses and registered nurses) who assessed patients, educated patients and their families, and facilitated transition from hospital to community as a part of routine clinical care at our institution. This care transitions program was designed for a geriatric population aged ≥65 years, regardless of insurance status. Part of the assessment included deployment of the Mini-Cog, a standardized and validated tool for assessing clinically significant CI. 15, 16 Nurses deploying test asked patients to repeat 3 unrelated words, then the patient was asked to complete the clock drawing test, and finally the patient was asked to recall the 3 words ( Table I in the Data Supplement). Specific instructions for the clock drawing test were draw a clock: draw a circle, fill in the numbers, and set the hands to show 8:20. 18 Nurses photographed Mini-Cog results and included the image in electronic medical record. The Mini-Cog was administered a median of 2 days before discharge (interquartle range, 1-3 days). This study was approved by the Institutional Review Board at Cleveland Clinic, with waiver of informed consent because all data were collected and recorded as a part of routine clinical care.
The final cohort consisted of 720 patients ( Figure I in the Data Supplement). We excluded patients who were seen by a nurse but did not complete the Mini-Cog for the following reasons, such as test was not offered or deferred and never completed (n=258), the patient declined (n=41), or the patient unable to perform the Mini-Cog because of hearing difficulty, delirium, intubation, blindness, inability to write or hold pen, or language barrier (n=75). We also excluded patients who died before discharge (n=13) or were discharged to hospice (n=10).
We compared characteristics of patients who did (n=720) and did not (n=408) complete the Mini-Cog and found that those who did not complete the Mini-Cog tended to be uninsured whites who were generally sicker (higher N-terminal pro-brain natriuretic peptide and higher history of dialysis), and who had longer hospital lengths of stay (Table II in the Data Supplement). They also experienced higher inpatient death rates (4.7% versus 1.7%), but lower post discharge death rates ( Figure II in the Data Supplement).
Mini-Cog
The Mini-Cog is a composite of 3-item recall and clock drawing. [15] [16] [17] It was scored on a 5-point scale (1 point for each correct word recalled and 2 points for correct clock drawing), and a score of ≤2 was considered abnormal, suggestive of CI. We further analyzed errors in clock drawing and categorized errors by categories previously described by Lessig et al. 18 
Study Variables
Demographic and clinical variables were extracted from the electronic medical record (Table 1) . As a measure of socioeconomic status, we extracted estimated home value from www.zillow.com as of December 2013, based on the address listed in electronic medical record. Left ventricular ejection fraction was based on the first echocardiogram performed during index admission, or if not available based on the most proximal echocardiogram done before index admission.
End Point
Our primary outcome was time between hospital discharge and first occurrence of all-cause readmission or all-cause mortality. We extracted dates of outcomes from the electronic medical record. We used November 14, 2013, as the censoring date for patients who were not readmitted or died during the study period.
Statistical Analysis
Baseline characteristics were stratified by Mini-Cog performance (presence versus absence of CI). For descriptive purposes, we constructed cumulative incidence function plots and Kaplan-Meier plots. Uncertainty of estimates was expressed uniformly by means of 95% confidence intervals.
We constructed unadjusted and adjusted Cox proportional hazard models to examine association of Mini-Cog performance with composite outcome. We confirmed the proportional hazards assumption by inspection of Schoenfeld residual plots. Model discrimination was assessed by calculating Harrell concordance index (c-index) from 100 bootstrapped samples of data.
Random survival forest (RSF) analysis 19 was performed (1) to select covariates for above-mentioned Cox regression models and (2) to assess change in prediction error attributable to each covariate. Random forest methodology is a robust nonparametric machine learning approach to data analysis. With this approach, uncorrelated decision trees (ie, forest) are constructed electronically with the benefit of randomization. Each tree in the forest is constructed from a bootstrap sample of patients from the data set. A random subset of variables describing these patients competes repeatedly to split each tree into many branches. The result is a tall and entirely unique decision algorithm. The forest is composed of many trees, and can subsequently be used to predict outcomes based on variable composition of new patients applied to the forest. Forests can additionally be used for variable selection.
We used 52 covariates (all covariates are shown in Table 1 as well as 2 indicator variables) in bootstrapped samples of data to construct 1000 uncorrelated decision trees. This approach has been described in detail elsewhere. 20, 21 Our forest ensemble had extensively grown decision trees having 151 terminal nodes on average, where each terminal node included a minimum of 3 patients having similar characteristics and outcomes. Minimal depth analysis identified the following variables as most predictive, and they were used as adjusting covariates in regression models, such as Mini-Cog performance, age, left ventricular ejection fraction, body mass index, hospital presentation (see Table 1 for categories), estimated house price, N-terminal probrain natriuretic peptide, hospital length of stay, history of stroke, hemoglobin before discharge, Δhemoglobin, creatinine before discharge, Δcreatinine, blood urea nitrogen (BUN) before discharge, and ΔBUN. Overall ensemble predictive accuracy was assessed with Harrell c-index using out-of-bag cross-validation. Individual variable importance was the mean change in ensemble prediction error after sequential permutation of each covariate.
To address clinical use, we compared 30-day predicted risk estimates based on models comprised baseline covariates (as identified by RSF methodology described above) with Mini-Cog performance, versus models with baseline covariates alone. We used 3 methods to quantify reclassification of risk, including net reclassification improvement (NRI; based on empirically chosen risk cutoffs of <20%, ≥20% to <40%, and ≥40%), category-free NRI, and integrated discrimination index. 22
Missing Data Imputation
Data were missing on 2 variables (N-terminal pro-brain natriuretic peptide, 23% missing and estimated house price, 26% missing). Missing data were imputed using RSF method such that imputed data were not guided by outcome (ie, readmission and mortality behavior of patients did not bias imputation). 19 Subsequent to imputation, we used additional indicator variables for N-terminal pro-brain natriuretic peptide and estimated house price in all regression and RSF models. 
Computational Methods
All analyses were performed with R version 3.0.2 (www.R-project. org). We used Therneau survival library for cumulative incidence function plot, Ishwaran and Kogalur 19 randomForestSRC library for RSF analyses, Harrell rms and Hmisc libraries for Cox regression, category-free, and integrated discrimination index analyses, and Inoue nricens library for NRI and graphical reclassification plot.
Results

Population Characteristics
There was a high prevalence of CI as quantified by Mini-Cog performance (n=169; 23% of cohort). Table 1 shows the baseline characteristics of cohort stratified by presence or absence of CI. Patients with CI tended to be older, women, and black. They tended to live in or own houses of lower estimated price. They tended to have higher prevalence of previously diagnosed dementia, and were more likely to be discharged to facility rather than home.
Components of Cognitive Impairment: Word Recall and Clock Drawing
Most patients made an error in word recall (35% recalled 2 words, 11% recalled only 1 word, and 5% could not recall any word). There was a high prevalence of error in clock drawing (n=235; 33% of cohort; Figure 1 ). Among patients who made an error, multiple clock drawing errors were noted (mean [SD] number of errors 2.6 [1.4] , median [percentile 0%, 25%, 75%, and 100%] number of errors 2 [1, 2, 3, and 10]). The most common errors included incorrect time (25%), missing numbers (11%), and no hands (11%).
Readmission and Death
During a mean follow-up time of 6 months (range, 0-16 months), 342 (48%) patients were readmitted and 24 (3%) died ( Figure III in the Data Supplement). Causes of readmission included emergency admission for HF (63%), emergency admission for other cardiovascular problem (10%), and emergency admission for noncardiovascular problem (27%). There was no significant difference in categories of readmission among patients discharged to home versus facility (P=0.53; Table III in the Data Supplement). Specific causes of readmission are shown in Table IV in the Data Supplement. Incidence of composite outcome is shown in Figure IV in the Data Supplement.
Patients with CI had significantly higher event rates (Logrank, P<0.001; Figure 2 ). Thirty-day event rates were 22% (95% confidence interval, 18%-25%) in patients without confidence interval, versus 46% (95% confidence interval, 39%-54%) in those with CI. Association between Mini-Cog performance and composite outcome was significant in both Continuous variables are shown as median and interquartile range, unless noted otherwise. Change (Δ) in laboratory value is difference between discharge and admission value. P values were calculated as χ 2 for categorical variables and Wilcoxon rank-sum test for continuous variables. BUN indicates blood urea nitrogen; CV, cardiovascular; HF, heart failure; IQR, interquartile range; and NT pro-BNP, N-terminal pro-brain natriuretic peptide.
Table 1. Continued
Cognitive Impairment Present (n=169)
Cognitive Impairment Absent (n=551) P Value January 2015 unadjusted and multivariable adjusted models ( Table 2) . Model discrimination (c-index) improved modestly after accounting for Mini-Cog performance ( Table 2 ). In RSF framework, Mini-Cog performance was the most dominant contributor to discriminative prediction from among 55 covariates used to construct the prediction ensemble ( Figure 3 ). Of note, Mini-Cog performance added incremental value beyond baseline diagnosis of dementia as documented in the medical record ( Figure 3 ). To compare model performance within clinical categories better, we classified patients into low-risk (<20%), intermediaterisk (≥20%-<40%), and high-risk (≥40%) categories of 30-day readmission or mortality risk based on baseline risk model. We compared models with and without Mini-Cog performance by cross-classifying predicted risks (Table 3 ; Figure V in the Data Supplement). Within these defined categories of risk, there was an appropriate improvement in reclassification of risk (NRI, 11.2%; 95% confidence interval, 1.1%-20.5%). We additionally calculated improvement in reclassification in a categoryfree manner. We found that 35% of patients who experienced an event had an appropriate increase in probability of risk with new model containing Mini-Cog performance, whereas 79% who did not experience an event had an appropriate decrease in probability of risk (category-free NRI, 27%; 95% confidence interval, 14%-40%; P<0.001 and integrated discrimination index, 1.5%; 95% confidence interval, 0.5%-2.4%; P=0.006).
Venue of Discharge
We investigated the association between Mini-Cog performance and composite outcome stratified by venue of hospital discharge (ie, discharged home versus discharged to facility). Patients discharged to home (n=527; 73% of cohort) were those who went home without (n=350) or with (n=177) home care services. Their 30-day event rates were 51% (95% confidence interval, 41%-60%) for those with high likelihood of CI versus 22% (95% confidence interval, 18%-26%) for those with low likelihood. Patients discharged to facility (n=193; 27% of cohort) were those who went to skilled nursing facilities (SNF; n=168), long-term acute care hospitals (n=9), inpatient rehabilitation facilities (n=6), or other (n=10). Their 30-day event rates were 40% (95% confidence interval, 26%-51%) for those with high likelihood of CI versus 22% (95% confidence interval, 14%-29%) for those with low likelihood. There was a notable difference in outcomes during first 30 days post discharge by venue of discharge ( Figure 4 ). Among patients discharged home outcome curves split at ≈2 days post discharge, whereas among patients discharged to facility curves split at ≈21 days (ie, effect modification by venue of discharge). An additional analysis comparing patients who went home with home care versus those who went home without home care did not show a difference.
Discussion
Patients hospitalized for HF who are cognitively impaired have a higher risk of being readmitted or dying after hospital discharge. We found that poor performance on the Mini-Cog, a simple, 3-minute test, which can be easily administered by a nurse, is associated with worse posthospitalization outcomes, and specifically increased hospital readmission risk. In addition, inclusion of Mini-Cog performance in risk models improved both accuracy of risk assessment (discrimination) and reclassification of patients into correct categories of risk. A secondary analysis of 30 days post discharge showed effect modification by venue of discharge, whereby patients with poor Mini-Cog performance discharged to a facility had a longer time to first readmission or death as compared with those discharged home.
We are the first to study the Mini-Cog in patients hospitalized for HF. This is important because lack of knowledge about the best way to screen patients with HF for CI in the clinical setting has been identified as a gap in the literature. 23 We found that registered nurses and licensed practical nurses who were not necessarily specialized research personnel could successfully deploy this tool as a part of routine clinical care. Consistent with previous studies, we found a high prevalence of CI in this population (23% of cohort). Other investigators who noted similar findings used more cumbersome CI screening tools. 14 Importantly, we are the first to show that worse Mini-Cog performance is associated with poorer posthospitalization outcomes.
CI is an acquired dysfunction in ≥2 domains of intellectual capacity, including memory, language, visuospatial, executive functioning, and calculation. 24 Previous literature suggests that among patients with HF the most frequently occurring impairments are memory and attention deficits, followed by slowed motor response times and difficulties in problem solving. 25 The pathophysiology of CI in HF is incompletely understood, and probably differs between chronic HF and acute decompensated HF. Imaging studies suggest that patients with chronic HF and CI may have less gray matter volume in their insular cortex, frontal cortex, parahippocampal gyrus, cingulate, cerebellar cortex, and deep cerebellar nuclei. 23, 26 In addition, they may have reductions in regional blood flow to multiple areas in the brain, including the precuneus and cuneus, right lateral temporoparietal cortex, and the posterior cingulated gyrus. 23, 27 What leads to these findings is unknown but may be related to cardiogenic emboli causing strokes, or intermittent worsening in cardiac output leading to poor brain perfusion and cerebral hypoxia. CI in patients with HF has also been related to hypertension 28 and sleep apnea. 29 Patients admitted to the hospital with acute decompensated HF may develop de novo CI from cardiogenic shock, or could have delirium related to acute medical illness and extended pharmacology used in the hospital. Regardless of cause, CI in patients with HF has been linked to poor outcomes, including worse health-related quality of life, increased disability, increased mortality, and spousal/caregiver distress. 9, 25 Our finding that poor Mini-Cog performance is an independent predictor of hospital readmission risk is intriguing. The Mini-Cog tests memory, and executive functions, 15 has been previously shown to be a predictor of impaired activities of daily living. 30 Executive functions include ability to carry out plans, solve problems, function in social settings/structures, adapt to unexpected circumstances, enable reasoning, and retrieve memories, among others. 31 Patients who have problems in these domains probably exhibit poor self-care, which translates into increased risk for recurrent disease exacerbation and subsequent hospital readmission. Although our data does not specifically address the mechanisms by which CI leads to posthospitalization outcomes, we strongly suspect that it leads to worse compliance with medications and diet. Because the Mini-Cog is valid and simple to use, HF clinicians should consider using it regularly to assess their patient's cognition. Furthermore, investigators constructing new multivariable HF readmission risk models 32 may augment model performance by incorporating Mini-Cog results.
Future investigation should focus on interventions to improve outcomes among patients with CI. Our finding of improved short-term outcome among patients with CI who were discharged to facility (mostly SNFs) versus home suggests that choice of postacute care venue may be a solution. Other investigators have also noted an interaction between CI Baseline variables were age, left ventricular ejection fraction, body mass index, hospital presentation, estimated house price, N-terminal pro-brain natriuretic peptide, hospital length of stay, history of stroke, hemoglobin before discharge, ΔHemoglobin, creatinine before discharge, Δcreatinine, blood urea nitrogen (BUN) before discharge, and ΔBUN, as identified by minimal depth random survival forest analysis. and discharge destination on the outcome of readmission. 11 Interestingly, the curves for the facility patients split at ≈21 days posthospital discharge and then quickly approximated those of patients discharged home (Figure 4 ). An explanation for this may be that for patients with CI in our study, SNFs were protective from readmission risk up until time of discharge from SNF to home, which usually happens by 21 days. This needs to be studied further.
In our study, patients with CI discharged with home care had no reduction in readmission risk, however, this data set only included the presence of skilled home health agency care and there was no measure of appropriate home custodial care and family caregiver supports. There may also be adverse selection in the home care setting because skilled home care is frequently offered when patients refuse SNF or when there is an unusually high concern for patient safety at home. Because of these limitations, we make no firm conclusions about the effect of home care on readmission risk from this analysis. There are other studies that have shown structured posthospital home care interventions can reduce readmissions. 33 It is unknown whether structured in-home support for patients with HF and CI would yield similar outcomes.
Our study had several limitations. First, this was a singlecenter experience from a large tertiary referral hospital, which may limit generalizability. Second, not all patients approached by nurses were offered the Mini-Cog, and among those who were offered not all agreed to participate. Patients for whom the Mini-Cog was not available had different characteristics and outcomes (Table II and Figure II in the Data Supplement) , which may have introduced bias to our findings. Third, we did not systematically assess for acute delirium, which could masquerade as CI in this hospitalized population. In a previously published investigation of CI in a surgical population, delirium was found to be an effect modifier between CI and mortality. 24 Fourth, our estimates of the prevalence of CI in the population we studied may be flawed because of the performance characteristics of the Mini-Cog itself. The challenge Figure 3 . Change in prediction error. Shown is output from random survival forest analysis investigating the predictive abilities of 52 covariates for composite outcome of time to first readmission or death. Forest framework was composed of 1000 uncorrelated decision trees. Overall estimated prediction error was 41.85% (eg, c-index, 58.15). Variable importance is the mean change in ensemble prediction error after sequential permutation of each covariate. Shown are covariates that had variable importance >0. Old model refers to prediction model consisting of 14 baseline covariates (age, left ventricular ejection fraction, body mass index, hospital presentation, estimated house price, N-terminal pro-brain natriuretic peptide, hospital length of stay, history of stroke, hemoglobin before discharge, ΔHemoglobin, creatinine before discharge, Δcreatinine, blood urea nitrogen (BUN) before discharge, and ΔBUN). New model refers to prediction model consisting of 14 variables noted above, with addition of Mini-Cog performance. Numbers in cells represent unique study patients, with all cells adding up to total study population (n=720). Event represents the subset of the population who experienced readmission or death at 30 days post discharge and Non-event represents the subset of the population who did not experience these outcomes. Cohort was divided into 3 levels of risk: low (0%-20%), intermediate (20%-40%), and high (>40%) risk, based on each respective prediction model, and cross-classified as shown above. For example, among 36 patients (first row) who were classified as low risk by the old model but subsequently experienced an event, 10 were appropriately reclassified to a higher category of risk by the new model that included Mini-Cog performance.
of studying cognition in HF populations is a lack of consensus about which tool should be used. A recent review of the literature identified 7 possible CI screening tools (not including the Mini-Cog). 14 Fifth, outcome data were only available for patients who were readmitted to 1 of our healthcare system's hospitals (9 hospitals in Northeast Ohio), thus limiting our ability to account for readmissions to other healthcare systems. Sixth, it is possible that unmeasured confounders could have affected either Mini-Cog performance or outcomes. Educational level and social/family support at home may be important unmeasured confounders in our study. Finally, previous history of dementia was extracted from medical records, raising the possibility of false negatives for this diagnosis.
Conclusions
In summary, we found that nearly one quarter of inpatients hospitalized for HF performed poorly on the Mini-Cog, suggesting high prevalence of CI in this population. The Mini-Cog is a short and simple cognition screening test, and our findings support its use in routine clinical practice. Poor performance on the Mini-Cog was related to poor posthospitalization outcomes, most commonly hospital readmission. Cognitively impaired inpatients that elected to go to facility rather than home at time of discharge had lower readmission risk. These findings are hypothesis generating and should be tested in a randomized clinical trial. It is unknown whether structured in-home support for patients with HF and CI would yield similar outcomes. 
